Background/Objectives: Pneumonia readmissions have significant quality of care and policy implications for patients and health care providers. Research indicates that initiatives to decrease readmissions should target high-risk subgroups. Older adults with dementia have an increased risk of pneumonia and subsequent hospitalizations, suggesting that they may be at high-risk of pneumonia readmissions. The purpose of this study was to determine if associations between patient factors and readmission rates differ for older adults with and without dementia who were hospitalized for pneumonia.
T he American health care system has come under intense scrutiny and debate in the past several years. Increased demands to implement reforms that decrease costs and improve quality of care have brought hospital readmissions to the forefront of the conversation. [1] [2] [3] Readmissions are admissions to any hospital for any reason within 30 days of being discharged from a hospital. 2, 4, 5 Readmissions are costly, 6 cause distress and anxiety for patients and their families, 7, 8 and negatively affect providers and payers. 6, 8 Implementing strategies to decrease readmissions has the potential to improve quality of care and decrease costs. [9] [10] [11] It's been suggested that focusing intervention strategies on high-risk patient populations could decrease readmission rates and manage costs. 7 Efforts are needed to identify high-risk patient populations.
Nearly 30% of all readmissions occur after a hospitalization for pneumonia (pneumonia readmission). 12 Roughly 18% of all individuals hospitalized for pneumonia experience a readmission. 6, 7, [13] [14] [15] [16] Older adults with dementia who contract pneumonia are more likely to be hospitalized [17] [18] [19] and have significant negative outcomes associated with hospitalization, including readmissions. [20] [21] [22] These individuals are at a heightened risk of unnecessary care transitions due to cognitive impairments and multiple comorbidities. [23] [24] [25] Transitions between care settings can be burdensome and problematic for individuals with dementia and result in negative outcomes that these individuals cannot overcome. 26 Pneumonia readmissions, a type of care transition, may be particularly detrimental to older adults with dementia.
Only 3 studies have addressed pneumonia readmissions for older adults with dementia. Daiello et al 27 conducted a retrospective study of 2009 Rhode Island hospital administrative and found that pneumonia readmissions rates were higher for patients with dementia (17.8%) than those without dementia (14.5%). In a prospective, longitudinal study of 4,197 community dwelling older adults, Callahan et al 28 found that the 30-day readmission rate for older adults with dementia was 23%. Ahmedani et al 29 studied data from the HMO Research Network Virtual Data Warehouse of 11 health systems from 2009 to 2011 and found that individuals with dementia who are hospitalized for pneumonia have a 25% readmission rate as compared with 16% for individuals without dementia. These findings suggest that older adults with dementia may be at a heightened risk of pneumonia readmissions. However, limitations of these studies include (a) inconsistencies with Center for Medicare and Medicaid Services (CMS) methods of calculating readmission rates; (b) limited, unique patient populations that may not be generalizable to the entire population; and (c) limited attempts to address factors associated with pneumonia readmissions.
Development of programs to decrease pneumonia readmissions and associated costs for high-risk individuals requires having a thorough understanding of factors influencing readmissions. Given that patients with dementia have known difficulties with pneumonia and are at a heightened risk of unnecessary transitions between care settings, it is plausible that these individuals may be at high risk of pneumonia readmissions. The purpose of this study was to determine if associations between patient factors and readmission rates differ for older adults with and without dementia who were hospitalized for pneumonia.
METHODS

Study Design and Data Source
This study utilized a retrospective design to analyze the 2013 Nationwide Readmission Database (NRD) from the Health Care Utilization Project (HCUP). 30 The 2013 NRD contains discharge data from 21 geographically dispersed states and accounts for 49% of all hospitalizations in the United States. 30 The 2013 NRD contains 14,325,172 discharges, which when weighted represents ∼36 million discharges.
Patient Cohort
The target sample for this study was individuals aged 65 and older who experienced an index admission with a primary discharge diagnosis of pneumonia. Index admissions are defined by the Centers for Medicare and Medicaid Services (CMS) as either the first hospital admission or any hospital admission that occurs >30 days after a prior admission. A diagnosis of pneumonia was identified by ICD-9 CM diagnosis codes consistent with the codes included in the CMS pneumonia readmissions measure. 31 Criteria for cohort selection were consistent with previously established readmission measures and are displayed in Figure 1 . 32 Each discharge record was classified as (a) an index admission, (b) a readmission, or (c) excluded from the study. Exclusion criteria were applied to the entire study and to the classification of records as index admissions or readmissions. Records missing variables vital to the calculation of readmission rates were excluded. For index admissions, records of individuals who died in the hospital or were discharged against medical advice were excluded. Given the NRD is an annual file, individuals who were discharged in December could not be tracked for 30 days to determine if a readmission occurred and were therefore excluded from index admissions. Admissions that occurred during January were all classified as index admissions as it was not possible to check for a different admission within the preceding 30 days. Records that were scheduled readmissions were excluded from qualifying as a readmission. Application of inclusion and exclusion criteria resulted in 163,642 discharge records representing 155,861 patients.
Weighting
Weighting variables were provided by HCUP and based on data from all state inpatient databases and the Annual Hospital Association survey. 33 The formula for the discharge weights (DISCWT ij ), where (i = sex) and (j = age) group, is as follows: DISCWT ij = Ns (universe) ij +Ns (sample) ij . Thus, the discharge weight for a given record in the NRD indicates the number of inpatient discharge records that it represents in the target population of all inpatient discharges in the United States in 2013. When the discharge weights were applied to the sample (163,642 discharge records; 155,861 patients), a nationally representative sample of 389,198 records, and 370,003 patients was produced. This weighted sample was used for all data analysis.
Dementia
The sample was separated into 2 groups, those with a known diagnosis of dementia and those without dementia. Individuals with dementia were identified using 23 ICD-9 codes included in the Chronic Conditions Data Warehouse algorithm for Alzheimer disease, related disorders, or senile dementia. 34 
Data Analysis
Statistical analyses of the weighted sample were conducted utilizing SPSS 21 35 and Stata 14.1. 36 A frequency rate was calculated to the hundredth degree to determine the pneumonia readmission rate for (a) the entire sample, (b) older adults without dementia, and (c) older adults with dementia. A bivariate analysis, using a Rao-Scott χ 2 test, was calculated to determine if a significant difference existed between the pneumonia readmission rates for older adults with and without dementia. Parameter estimates with odds ratios identified differences in the odds of pneumonia readmission between older adults with and without dementia.
Bivariate analyses, including Rao-Scott χ 2 analysis for categorical predictors and Welch t tests for continuous predictors, were calculated for each index admission predictor variable and the outcome variable, readmission. After reviewing the bivariate analysis and pairwise comparisons, a generalized linear model was calculated using the appropriate survey weights with robust SEs to examine index admission factors associated with pneumonia readmissions. The variable dementia was included in the model as an interactive effect to determine its influence on the occurrence of readmission. Calculation of the generalized linear model included parameter estimates with odds ratios and pairwise comparisons of significant findings. This study adhered to all HIPAA and AHRQ Data User Agreement requirements and was approved by the institutional review board.
RESULTS
Cohort Description
Full descriptive and comparative statistics of the cohort are provided in Supplementary Digital Content 1 (http://links. lww.com/MLR/B848). The patient cohort represented individuals ranging in age from 65 to 90 years of age, with a mean age of 79. Fifty-four percent of the discharge records were for females. Individuals averaged 2 hospital discharges each during 2013, had an average of ∼13 diagnoses, and ∼6 chronic conditions. The average length of stay was 5-6 days, was paid for by Medicare in 91% of the records and cost ∼$37,500. The majority of discharge records indicated a moderate (43%) to major (43%) loss of function and moderate (46%) to major (35%) risk for mortality. Discharge records were almost equally distributed across the 4 quartiles for median household income by the patient's zip code.
Comparative Statistics of Readmitted Individuals
Comparative statistics for older adults with and without dementia who were readmitted are shown in Table 1 . Comparison of demographic characteristics of older adults with and without dementia who were readmitted showed statistically significant differences (P < 0.001) for all variables except total charges. Older adults with dementia who experienced a readmission were (a) 5 years older, (b) more likely to be female (5%), and (c) had higher rates of major mortality risk than older adults without dementia who were readmitted. Discharge dispositions varied between older adults with and without dementia who were readmitted. Older adults without dementia who were readmitted had twice as many of individuals discharged routinely (43%) as compared with older adults with dementia who were readmitted (18.6%). There were also more discharges to home health for older adults without dementia who were readmitted (26.1%) than for older adults with dementia who were readmitted (20.9%).
Readmission Rates
The pneumonia readmission rate for the entire sample was 19.2%, the rate for older adults without dementia was 17.97%, and the rate for older adults with dementia was 23.52%. A Rao-Scott χ 2 test comparing the frequency of pneumonia readmission in older adults with and without dementia showed a significant interaction effect (F 1,160931 = 489.11, P < 0.001). Controlling for all other factors, parameter estimates with odds ratios indicated that older adults with dementia were 2.9 times more likely to experience a pneumonia readmission than older adults without dementia [odds ratio (OR): 2.9, 95% confidence interval (CI): 1.93-4.40; P = 0.000].
Patient Factors
Parameter estimates with odds ratios were calculated for all patient variables and are presented in Table 2 . Pairwise comparisons of categorical variables are available in Supplemental Digital Content 2 (http://links.lww.com/MLR/ B849). Bivariate analyses indicated that all predictors had a significant effect on the occurrence of readmission. Length of stay, chronic conditions, discharge disposition, loss of function, and moderate and major risk of mortality were all associated with increased risk of readmission. Increasing age, being female, higher income levels, and extreme risks of mortality were associated with decreased risk of readmission.
Dementia Interaction With Patient Factors
Parameter estimates with odds ratios for significant interactions with dementia are presented in Table 3 . Pairwise comparisons were calculated for significant model effects and are displayed in Supplemental Digital Content 3 (http://links. lww.com/MLR/B850). The equation for the model, including dementia as an interactive effect, is as follows:
þ b28 mccs þ b29 dementiaÂmccs : Four variables were found to significantly interact with dementia and risk of readmission: (a) risk of mortality; (b) discharge disposition; (c) mean income by zip code; and (d) number of chronic conditions. Variance inflation factors for these 4 variables were all below 4.0, indicating that there was not an issue with multicollinearity. As compared with older adults without dementia, risk of readmission more than doubled for older adults with dementia who had a minor risk of mortality (OR: 2.35, 95% CI: 1.2-4.61; P < 0.001). When comparing within the subgroup of individuals with dementia, individuals in the lowest income bracket had an increased risk of pneumonia readmission (OR: 1.92, 95% CI: 1.0-3.67; P < 0.005) as compared with the highest income bracket. This also represents an increase in the magnitude of risk for readmission as compared with the whole cohort (OR: 1.18; P < 0.01). Older adults with dementia had an increased risk of readmission with discharge to skilled nursing facilities (OR: 1.19, 95% CI: 1.05-1.35; P < 0.005) as compared with routine discharge. This was a more pronounced risk of readmission than for the whole cohort (OR: 1.79, 95% CI: 1.68-1.92; P < 0.005). The risk of readmission decreased with increasing numbers of chronic conditions (OR: 0.97, 95% CI: 0.95-0.98; P < 0.001) for older adults with dementia. This trend is opposite of the trend in the whole cohort that saw an increased risk of readmission as the number of chronic conditions increased (OR: 1.04, 95% CI: 1.04-1.05; P < 0.000).
DISCUSSION
To the author's knowledge, this is the first study of pneumonia readmission rates and associated factors for older adults with dementia to use a nationally representative sample.
The demographic characteristics of this study are consistent with population studies and previous research. 27, 37, 38 The findings of this study are not limited by geographic region or hospital type. The design of this study resulted in a more robust and representative sample than previous studies and provides findings that are generalizable to older adults with dementia who are hospitalized for pneumonia in the United States.
This study provides evidence that older adults with dementia are at a heightened risk of pneumonia readmissions. Older adults with dementia were characteristically different than older adults without dementia, had higher rates of pneumonia readmissions, and were 3 times more likely to experience a pneumonia readmission. These findings are consistent with previous studies that identified increased rates of pneumonia readmissions in older adults with dementia. [27] [28] [29] At a time when hospitals are being financially penalized for excessive pneumonia readmission rates, these finding are critical.
Factors that significantly interacted with dementia and influenced the risk of readmission included, discharge disposition, risk of mortality, number of chronic conditions, and mean zip code income. Lin et al 37 studied hospitalizations for older adults and found that the presence of a dementia diagnosis significantly decreased an individual's likelihood of being discharged home. Skilled nursing facilities have been identified as the most common discharge disposition of older adults with dementia 27 and are associated with an increased likelihood of hospital readmission. 28, 39 In this study, older adults with dementia were discharged to skilled nursing facilities twice as often as older adults without dementia and had far fewer routine discharges. Results from this study support previous findings that older adults with dementia have an increased risk of readmission with discharge to skilled nursing facilities.
Prior research indicated uncertainty in the relationship between discharge to home health care and risk of readmission for older adults with dementia. 27 The results of this study indicated that there was not an increased risk of readmission with discharge to home health care. Older adults with dementia do best in familiar settings. 40 Returning an older adult with dementia to his/her familiar settings may increase positive outcomes and decrease readmissions. However, factors not addressed in this study, such as cognitive status and social supports after discharge, may influence decisions about discharge disposition. Further research is needed to identify factors impacting discharge disposition decisions for older adults with dementia. This is the first study to include risk of mortality as a factor in a pneumonia readmission model. An important finding was that older adults with dementia in the minor risk of mortality category were 2.35 times more likely to be readmitted than older adults without dementia in the same category. However, the risk of pneumonia readmissions did not increase for older adults with dementia as the mortality risk increased. This contradicts the assumption that patients who are more medically complex or unstable will experience more readmissions. A possible explanation for the increased risk of readmission for older adults with dementia in the minor risk of mortality category may be dementia severity. In the early and middle stages of dementia, risk for mortality is low, but an individual's ability to follow discharge instructions and manage self-care tasks is likely compromised. 41 This may contribute to the increased risk of readmission for older adults in the minor risk of mortality category. Future studies are needed to fully understand the relationship between risk of mortality and risk of readmission for older adults with dementia.
Chronic conditions have been suggested to be the most important predictor of pneumonia readmissions. 42 In this study, the odds of readmission decreased with each additional diagnosis for older adults with dementia. Comorbidities and greater numbers of chronic conditions are associated with poor health, lower functional status, limited quality of life, and terminal status for older adults with dementia. 41, 43 Older adults with dementia who are in the terminal stages often transition to palliative care. 22 Thus, older adults with dementia who have numerous chronic conditions may be transitioning to palliative care or may be experiencing death after discharge and therefore not experiencing readmissions. Future studies are needed to determine the postdischarge status of these individuals in order to better understand the relationship between chronic conditions and pneumonia readmissions for older adults with dementia.
The risk of pneumonia readmissions increases as an individual's income decreases. 15, 44 It has not previously been determined if a diagnosis of dementia exacerbates the relationship between risk of readmission and income level. In this study, older adults with dementia who were in the lowest income bracket were 1.92 times more likely to be readmitted than older adults with dementia who were in the highest income bracket. Older adults in upper income brackets may have greater availability of resources to prevent readmissions, such as (a) paid caregivers, (b) prescriptions, (c) home adaptations, or (d) necessary durable medical equipment. Older adults in lower income brackets may not have the resources or supports available to access items or services to reduce the risk of readmission. In addition, lower socioeconomic status has been linked to lower health literacy. 45 Poor health literacy can affect medication adherence, adherence to discharge instructions, and nutritional status. 46, 47 Older adults with dementia in lower income brackets may have lower health literacy, which could increase the risk of readmission.
Focusing efforts on decreasing pneumonia readmission for older adults with dementia has the potential to decrease undue burden and stress on both the health care system and older adults with dementia. Health care associated costs are ∼3 times higher for individuals with dementia. [48] [49] [50] Hospitalizations and transitions between care settings are a significant portion of dementia-associated health care costs and are believed to be somewhat preventable. 23, 26, 28, 48 Decreasing pneumonia readmissions for older adults with dementia has the potential to decrease financial stress on the health care system.
For older adults with dementia, transitions between care settings, including readmissions, can cause emotional distress, exacerbation of dementia symptoms, increased vulnerability to poor quality of care, and poor health outcomes. [23] [24] [25] [26] It is suggested by the findings of this study that the number of prior hospitalizations, chronic conditions, and the age of the patient may be important in early identification of older adults with dementia who are at increased risk of pneumonia readmission. Early identification can facilitate the implementation of strategies to decrease the risk of unplanned and unnecessary readmissions.
Limitations A significant limitation of retrospective studies and those involving secondary data are lack of control over the accuracy and completeness of the data as well as the manner in which the data was collected and coded. The NRD did not contain data about (a) medications, (b) disciplines involved in care, (c) social support and home life, (d) cognitive status, (e) clinical lab values, or (f) functional measures. The NRD did not contain postdischarge information, such as (a) quality of transition care, (b) quality of care at the discharge location, and (c) mortality rates. Each of these areas could have added to the understanding of pneumonia readmissions for older adults with dementia. In the NRD, individuals cannot be tracked from state to state or from year to year. Admissions that occurred during January were all classified as index admissions which may have incorrectly labeled some records as index admissions that were, in reality, readmissions. Records with ages older than 90 were set to the age of 90, which may have decreased the mean ages calculated in this study and limits the ability to distinguish differences related to age for individuals over 90.
There are known limitations to using secondary data to study individuals with dementia. It is well recognized that dementia is often under diagnosed and under recorded in administrative data. This means that individuals who have dementia may have been placed in the nondementia group. In addition, dementia severity was not available in the 2013 NRD, limiting the ability to distinguish between individuals at different stages of dementia.
CONCLUSIONS
Given: (1) the known difficulties that patients with dementia have with pneumonia; (2) the finding that their risk of readmission is almost 3 times greater than individuals without dementia; and (3) findings from this study suggesting that older adults with dementia have different risk factors for readmissions, there is sufficient evidence to support classifying older adults with dementia as a high-risk group for pneumonia readmissions. These findings suggest that preventative strategies targeted at this patient population should be explored. Future studies are needed to identify more robust-associated factors, to better understand influences
